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(57)Abstract: 



PROBLEM TO BE SOLVED: To compensate wavelength dispersion in 
a wide range and to attain high speed and large capacity 
communication by compensating primary and secondary dispersion 
generated in an optical fiber transmission line by plural dispersion 
compensators. 

SOLUTION: When a dispersion shift fibeKDSF) is an optical fiber 
transmission line 1, a negative dispersion value for suppressing the 
deterioration of transmission characteristics by four optical wave 
mixing between signal light and naturally radiated optical noise 
generated from an optical amplifier 5 is transmitted. Thereby a 
dispersion compensator 2 having a positive code and a large absolute 
value is required for the compensation of dispersion of the 
transmission line 1. When the compensator 2 is constituted of an 
optical fiber, an 1.3μm band zero dispersion single mode fibeKSMF) 
can be used and low loss and low cost can be attained. Since the SMF 
has a dispersion value corresponding to about 10 times the primary 
dispersion value of the line 1, the primary dispersion value of the line 1 
can be compensated by adding a distance corresponding to about 
1/10 of a transmission distance as a 1st compensator 3 or laying it as 
a part of the line 1 . A 2nd compensator 4 having a reverse code 
against the DSF secondary dispersion of the line 1 and a large 
absolute value compensates a secondary dispersion value similarly to 
the primary dispersion value. 
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OOkmX— 2p s/'nm/^km = — 1 SOOp s/n 
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s X n u\<r>i^mi^\1^W,m (— SnmXO. 07ps/'n 
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[0 0 4 0] JLit-7r 4 y<m^m I t LX<DDSF 

^Ui^f^Mi: L/^t^-^fi 1 :^:S^5?-tScM^7j^i-) t±, 0. 0 
6 — 0. 08ps/'nm'=/'k mfl^(7?M =^ ^i" ^ <j 

T-^^o ^2feoT. 2^:5^:5^t$:?ffif«o:^<o^t6:lfif«tft±. 7t 
-7 r ^vN'f^i^£& 1 i: LTCOD S FO 2 ^>^^tfc t r^-^7:»^iS 

[0 0 4 1 ] ^ili<7:> J: ^ tc, D S F ^jfev t ^>'fS3^S& 
1 9 0 0 0 k m t7?fsi^5ggi(7?i-#'^t- :^-^it -5) 1 ^-X"^ 

ffci: 2 ^^5^tici: ^ 1 0 0 %Mmi-^:^t^ti. ^1, ^2 



(D S F mmS^^-i- SMF^-hm 2 1&mMm'7 r ^^^':^) - 9'0 0 0 k m 

-• (1) 

(D S F^^-tSlMx D S Ff^i^SS:^)' + ( S M F ^MfcMx S M F -h (2:^^^ 
(D S F5^t5:^ °-T^X D S FfSi^SS:^) + ( S M F ^ti;^ n - t^'X S M F :^ 

) -i- (im2iTnmmy'r y«7)'d'^:^p-'y'xm2 n^nmmy T ^ . 

= 0 



[ 0 0 4 2 ] mtt ( 1 ) 5t(±(5i^£&:^tC^i-;&^-f^, 

(2) stfi 1 ':^^t^Mf«t-?ti-^^f4^> (3) ^ii2yk 
m.t'f^n^rj-^^^ SMFco^tfc;^a--ri:{igE^T- 40 

(D-r.-»..M XLt ) + (D ,„.„<:,.X L 

= D 1 

B wijM C ( S-Ki-ntit. X L rt-rtM>* ) + ( S ]i*Lr>c:i-X L i«».r>c:i--) 

L:. ><:,-) 3 = D 2 

^1, ^2c7553^tictimT r >r/<c75:^ 
.,.i,c:,-, T 1 CO:^^ ^ 

Lt , ::(75:^T r ^^fsi^SS 1 CO 2 -iJc^tifl^ S 

■r ^ 1 ^tt^im^ T ^/<co 2 ::^5rfficfiS^ 50 



(3) 

^•zTt^^Ei^^t. (1) - (3) ^Ti^tb D S Ff5i^£§:g 
i:, ^ 1 53^t^Mm7 r -f/N':^!!]*, s MFfe5^£§:gi: , ^ 

[0 0 4 3 ] ^tt?im^2 ^TfeV r ^/N'tc J; fm^JcL;:: 



[ 0 0 4 4 ] (B L, 



... (4) 
••• (5) 

( S ill I* ii->c;i.- X 

(6) 

S ^ 2 irm^m-y r ^ y^(7:>2'^Xi^^m^ S 

:)t:7 ^' T/^'^5^£§ 1 O 1 ^X-^tJcil ^ D-r.-,.. 

^1, ^ 2 (T^^ticMm^ T V /N'<7? 1 ^:X:5?-ti:fiS^ 



(7) 



^f^^9 - 2 3 1 8 7 



U 

r^^'A 2 -doy^l^^^^-ftfiS^ D 2 . y^:^ A 1 .hy^:^ A 2 i: 
*■ # * t 

[ 0 0 4 5 ] t5:ny&^ir A 1 i: i"^ i: . r^:^=m=i^Bw»M 
(4) - (6) 5t7i^'b^'^iljX:^^i5t^^?< C i:U<t 
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[0 0 4 6 ] X5^ttr^f^tf 2 t LTfi. t ^ y^^m 



= D1 (r^:^A 1 <7??^^^ti:fit) •-• (7) 

= D 2 (y^:^ A 2 <^¥^'^'^m.m) y { X I - X 2) ( 8 ) 



[ 0 0 4 7 ] r^:^ A 1 , A 2 mW:^Mm^'<0^i^\^ 
^ L < fi^i:Sifif^t75f^:E-C^ ^) . — ocOf^^ A 1 , A 2 

^^-ttfilt^^-ffcxa- >^ ( 2 ^:^5^ttfit) h75<^^£b:h-. ^ 20 
1. ^ 2 0O^ti?iffft?3 , 4 <7)^tjrx a-T-^fSTEi-^ 
^1. ^ 2 ^7:>53-ti:Mmff 3 , 4 {^.^-^^-^.m^^^fit 

[0 0 4 8] [H 2 (i^^s^coHS^f^iJco^^t^cl^-tlil^iHgill-e 
^ r Y/<f5i^5S 1 ^^t$C->7 h 7 T -l-v^D S F - 

t- J: v^.fl^/^t: ^1 53^tS:Mf^§?3 ^->>^;u^- K-7 r ■ 

V r ^<DC F U J: t^fiSc L/ji-#-^tc;^tv^-C. D S F :E 30 
<h SMF:gi: DC F:^i: ^^f* C k m] XDCFO 
2^^^ti:fig Cp s/nm^ / km] ^tSISi: LT^i-o' 
[0 0 4 9] XD S FO^^ticrilD = - 2 p s / n m/^ k 
m, □ — ■T'^ 0 . 0 8 p s n m- / k m. SM 

F<75'e^ti{iiD = + 1 8 p s/' nm/k m. o — ^ 

= 0. 08psXnm-/km. D C F O^ffi:^ D = -i- 
1 p s y nmy L/^ij^^U, D C F co^tic^ a — 

( 2 :>:5rticfii) ^-0, Sps/nm^'/^k mfl®<75 
mii-^-^h^ D S F:^ 7 0 4 5 k m. S M F :g 7 1 5 k 
m, DCF:gl 2 4 0km<hi^^wi:C::j:o-r, I :^Xit 40 

t-, ^^n'r^Wim^m^^^- 5 0 0 p s / n mfli^i: 

i: ^ C:$S: 10 0k m^u5?-SiJLrtrri3i<75^fj:Mm^ff X. 

[0 0 5 0] [213 (i^^0^O||Smf?ijO^^?if^S^t0^Eir- 
5 0 0 0 k m(7)j(t{:£i^->>j;-7^ A 
-C, I 0 0 0 k mmmX-'l '-1^i^^7kXf2:X':if^<r>mm'k 
?f-:> /ji-^^^TFi'o Xl[H:fiI]<75DSFJE{± 795. 6k 
m, 1 ^:>:';rti:fiS{i- 2 p s n m/^ k m. 2 ^^c^rlficMa 
4-0. 07ps/'nm^/km. 1 ::^^r/Mf^ 7 r f ^s' 50 



m. 1 ^:5^^t5:fltfi-f- 1 8 p s / n k m. 2 :^Xi^^m. 
{±-rO. 07ps/'nm^/km, 2 ::^i^tScMm ^ r 
^< {m2^WLm\-Kn) <D^^i,t\ 2 2 . Skm. 1:^:^55' 
tmti-^ 1. 0ps/'ns/km/2 ^^5?-t5:Mii- 0 . ■ 
5 p s/nm^ y^kmiiL/sio 

[ 0 0 5 1 ] t^tfmm ( A A = 0 n m) T'ti. .q^.^^g-C^ 

ftfS:^ (AA=0nm) £b 5 n m^v u^tL/"^ 

( A A = 5 n m) ^g. C/ISfff^:^ ( A A = 0 n m) 
h 5 nm^\^^'{^^m'.zm.rLtzm^ (AA=-5nm) "C 
l^^ar-^i-J: o '.c, 1 0 0 0 k m^tclE5itci^t^M 

[ 0 0 5 2 ] Xft^Tfeiivfciiililffi^iJr^g^^A^ctfciTt^^ 

it-^r^:^t-^u-c{5^s§ 1 1 , ' ^ 2 (T^i^^mm^ 

3, 4co^,fI5^fi:M^mtcl5:7Ei-'5> w^7i<M^ Lv^o d 

^T^i^^-^. tktViSi^ (AA=Onm) ii- ^ ^^^^{B^^mx-m 
[ 0 0 5 3 ] [21 4 (i^%B^i75^JSl?iJcof^:g^Jg:7t'mi^ 
U, II. --11.. ti^Tt^^ft^ (E/O) . i 2 ti^ 

7^^, 1 3 tiTtT 7- ^ ^•^i^mw^'^mm.-i-^^^ji'^ -7 h-7 

r -Y/^ (DS F) , 14 {±:>t'^'?^£^, 1 Sii^'J T > . 

1 6 ti^^^tc Ai^^^jQ^^ r ^/N'tilJi^^O^tgiliM 
fl. 1 7(i^i5^-t^rim§f^mj?ic:i-^'>>^;u^- KT 
rf/< (SMF) . i 8 (i^ 2 5?*^ttf^^^tf5;5Jci-'5.5r 
rz^f^m^ :r < y< (D C F) , 19 ti-^r^Sfy. 2 0.-2 
0.,' tijt^^l^^? CO/E) ^TFi-o 

[ 0 0 5 4 ] ^=p?^t? 1 4 (7:»p^r'(^tif7tjx.{irs 0 k mni^i 

^WMLX^ '} . fry T I'/N'f^^SS 1 3 ^frp/3ci->2>.D S 
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FC7? 1 :'X^^m^~ 2 p s / n my kmt ^ 1 , ^ 

2 so^nmin^i^mf^-i-^ smf i ttslo'dc f i s 
it^m^i 4 Ry-y^) r >-:^ 1 sp^izi/ti^mm e 

ti, m^ik<oity T ^ ^<mm.n<^it^^^ i 4 [*itc^ i ,^ 
^ 2 <7:)5^ti?Sim^^l5:tt^ c i:75^'-c-§ ;s,o 1 

J: OitiJiMU-CSMF 1 7, D C F 1 S U A:^; LX55-ti?i 
/<f5i^S5 1 3 0DS FtCjrtft^^i^aiLT. ^7EC'59^fic 
[ 0 0 5 51 EI 5 (±:^f&0>^<75^*Sfi?iJ<75f^:^^mjfef5i^ -> 

I?] 4 U^i- J: -9 tC. D S F $-7^^ T >f /^f^i^SSi: 
L. -e^T:* 1 '^5^ttfit^:^iE<75i; -7 tc. - 2 p s / n m// 
km, 2:^^nm iH^^^^-'y') ^0. 08ps/n 

/km. 1 ^fic?Mmff t LTcOSMFcT^l 

ficfig^+ 1 8 p s/nm/km. 2 ^^C^t^M (55^ti;^ n 
-7-) ^0. 08ps//nm^/^km. Jim 2 ^fkmm 
mtLXC0DCF<7^1 ^Xl^nm^^-^ 1 p s/^nm/^km 
t U/::t^^^^U. ^2^fi:^m^i: LXcoDC F(7:» 2 

^^S^^J-ticfit (5^ti:Xo--7') 75-'- 0. 5 p s//nm^ k 
mfi^cOMiii-^ i: . SMFrgtiS. 1km. D C F :g 
(i 1 4 kmflJS^:^? J: i'; . i:^X^tici: 2 

[ 0 0 5 6] EI 6 t±5^ttMcO?^:^^s:c^1:ico|^e^[2lT-^ 

:K^L=80km. ^ 1 ^tfc?f fSf? i: U -r<0 S M F <7:):^ 
$L = 8. 1km. ^ 2 ^ti^if^^i: LT<7:>D C FCO:^ 
^L=14. lkmi:L. D S F i: S M F i: co55-ti:x o 
( 2 ^:?c53-tifit) Ti^-f-^x-e^nfHl — ?=f-^O0. 08p s 
/nm^'/kmtU, D S F i: S M F ^ 7i)<^#i^X-^i-^ 
ti^Wi'-Sij^'g-tc, -en% ^M-^-tt^j <h . DSF-f-SM 
F(7:fj^MX'7r:-i' X ^ 1,1. '{^^(Tf—j^.. f?!l;tfir. l 5 63 
n miSi^U^^v^-C^t^M^^iii-^ C i: 7i<-C- § >5 o 

[ 0 0 5 7] ltj^u, i^<7:>m^^m^'Xi±'^nm^v^t. 

r% l^2^t5:MfSff<75DC F^Tr^^fixo-v- (2:;5^5?-tic 
fii) D S F i: SMF tcOiSf^iii^iT^^^ti:^^-*:?- 

{2:^X'^nm) <^mz.i£.^MX-^'4'^1^co- 0 . 5ps 
/nm- /kmt-r^o -etLtC J: o D S F S M F 
+ DC Fco— .n^.i^i^-r^i- J: ^ fiZ^,^,X<D-i&^^mzio 
fzoXH^fkm^^t-i'^h^ t:^<X'^ 

[0 0 5 8] WtriZE^O^^SSf^ijUJtv^Tti. jfeTT^fyN'f^ 
mE^^^ni: 1 0 0%l^f^i'-5)wi:^^tti: LTI^s^L 

C:'t>:::<h?:><^^ .(f^OAfX, XMi?) O, I s h i k a w 
a et al. "*1Q— Gb/s Repeater 
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less Transmission - • ■" lEIC 
E TRANS. ELECTRON, Vol. E 7 8 
C , No. 1 , Jan. #BS ) , ip ^ , miiE<^ ( 5 ) - 

(8 ) ^tCj^tt^H1^5^tifitb 1 , D2^MM^xmi>zM 

[0 0 5 9 1 3^^ili(75DC F<75 J: o t::. 2^:^^ttMfff7 
T /<{±. fjnjx.fi'. 1 5 5 0 nm=m=-C% S M F D S F 
(75 2 ^:^^jric t ?^-^7i^i^-C^^fit^<^ ^ V- 2 :^^ii^nm t i- 

;£>^c7?-c. wCO^ ^0;f^t^f^4-59-ft{±. 7t::7 r '1'/^'c7?t>^■^|.-c- 
^k^-^t^ c ^ ct t-K ^^flj^^J^^i->6 <r t Ti^-r-^ 

[0 0 6 0] t^£o-r. ^2 UT. i5ijx.tir. 

^ /N^U-^v^-Cii. ^nix-ti". -XmiS) B. J . A i n s I 
20 ie et al. "A Review of Sin 
gle— Mode Fibers with Modi 
fied Dispersion Character 
istics" JOLT. . Vol. LT — 4, No.. 
8 , p967-979, 1986, o 

[0 0 6 1 ] m? i±wmmi^<D^^!Wi±^mmx^ ^; . 
mmmf^zn-i'^mtHmm^ n ^ (o. ooe) :^ir^n 

^ ( - 0 . 0 0 8) ^ — THi: L. a 1 , a 2 (^ttm 

m/km] t7D ^ ^i-o A tf. a2x/al-=li: 
30 i-^ i:. 1. 35 /^m (1350nm) iSlW^znl^Xi^ 

$u^fiii:^'^oXa2/'al = l. 91ti-^^. 15 
5 0 nmtc;?^v^T 1 ^^S^^tilfilTii^tit^^T. ^ti^ a - 7* 

5 p s/nm"^ / kmt^/So 

[0 0 6 2] ms ;±izg S ^ ^ KM^i^co^J-tiiil^l^f^a.^ 

mx'$> ^) . a 1 - a 4 (7:>mm.commmf'ZM-i-^mm 

m^Ani — An^ ttcov^-c. 3 T fT^i^fi^l a 1 ^ ^ ^' ^ 
40 — t LX. 7^:^ C/^ m] U^i" ;£> ^^tfcfH [ p s 

nm/kmD ^^i'o ^ T <^ 2^ \ ^ "^it 

$-tt/L'S#tc. 1. 3 m^-r^tiMTi^^i: C'^ ch^tz. 

n-:/ ( 2 :^;55:^t^cM) T^-'^idlcO D S F ^ S M F i: {iiS<75 
rT-f-i:C:^o :^<0^^^<D\. 5 m^i^tc;^^tt^53'tiCX 
a-:/ ( 2 :^:^5^fi:M) ti. 0. 25ps/nm^/' 

k m T' ^ o /"w o 

[ 0 0 6 3 ] T LTO 
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n t-. ?5i^^ftMD 1 , D 2 ^^igiti-'S 

[0 0 6 4 ] 32:m3iE<75WMfSi^<O^T7 T -f 
•7 -y KMmit<7:>7fe T ^ VN'(±. 1 3 0 0 nm^ 10' 

- 1 5 5 0 n m^(75/z:v^^l^tCt:»/co-C5^t$:fit^ii(?^ 

<=o^t(;tc J: 0 5MiM75^®:/Bi^^'fl:i-'5> :i t i: j: o t . 

[ 0 0 6 5 ] ^w-C, ttr^ai^O i: d Tfe^ T Y^N^f^iMSS 
L-C 1 :^:^55^tttiI^MfmL. ^ 2 ^ficMf^t^t^ J: ^; 5& 

-5)0 30 

[0 0 6 6 ] [21 9 (i^5^B.^oo^JSf?iJco53-ffejit<h:^$ i:co 
f55Ii#c|Si0;![21-C^ f'K ^:^L-r<y, A.-. = 9 0 0 0 ■ k m f^i^^ 
SSU^u^T. Tfe^^r ^^N'f^i^SSi: L-C, 1 ^^X^ticfit D = 
-2 p s/nmXkm, 5^ti:;^a-^ ( 2 ^X^t$:M) 
0. 0 7 p sX'nm- / kmCODSFt-^L-C, ^155^ 
ftMmt^i: L-C. l'^Xi^nmD = ^ l S p sx-nm/^k 
5^tiXt7-^ (2^X5^fifig) = 0. 07psx"nm 
y\^m(nSMG^m^-. X^2 5^t^:Mfmt?ch LT. 
fic^^a-v- ( 2 ^^53^t5:fil) =-0. Sps/^nm^/'k 
m<7)DC F ^ffii^^-r53^ticMf^i-^i-^'^. S M F i: D C F 40 

D S F t SMF iitzj: 2 ^X5^t^^if^tM (75 D 

C Fco^^-tifiiiT^^g^niiitifEf^ir'fi^L^'^-w t'^<P\ho 
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[0 0 6 8] ^^^M'^tmi^<n^'m:mm^^(r>MR7^^t\,:h 
[0 0 6 9 ] 

[^B>^c75^'-^] i.:iJtl^iH^U7t: J: ^ ::^^B^(i. r 

f^^3i:, jrfe^ T -r 1 (7? 2:X5?-tfe^ii: L-CM 
mi-^^25^ticMf^fi4 ^^fflv^^ciiuj; |^ i , 
^2 (7:^^fi:^if^,ti3 . 4 (Dm:^i^^i^mL^-^B3^£it^ T ^ 

[[212] ^^m(n'm.ii^m<n^^n^m.mmx^:^^ 

[[213] :^^0.^t75^5Sf?iJ(755?'tfcMmi^i0.^[2I-C^^o 
[[216] 55't5:fitco^^:^>G!c^'t:ico||g.9^[2l-r-^^o- 

[[217] 'Nm.mm.<^'i^m:m^t^mmx^^^ 

[[218] [ZSJi:^ ^ -y KM^itO5?-t^4^'&l5t0^[2IX-^^o 
[[219] :^^B^t;o^5Si5y<7?^t$:flti::g^ i:cor^^^^5^0^[2I 

[[211 0] ^^£5^^^ico7^:S55^^^^(7?|^^.0^[2I-c^>£,o 

[[21 1 1 ] f5i^^g^i:55^t5:Mmt^r^R5<h<75rj«If^.l^0^[2ir- 

[[2]i 2] 53't^c^•f^l^iH^E]-c-^;£)'o 

[[211 3] ^;i^5f£f?ijco5rt^:Mmi^9>^[2I-c^^o 

[121 1 4 ] 'i}t^m<o^mnm^^o:>%^mmx^:h^ 

[[211 5] ?^^f5njcO55't5:Mm^^O|^0^|2I-C^^o 

[[211 6] vt^m<r>^Anmm^zx.^i^wmmt^mmx'^ 

' - • 

[?^-^CO|^B^] 

1 7^7 T y<f5i^S5 

2 ^tfelfgf^f? 

3 ^ 1 i^wimmn 

4 ^2 5?-^Mf^f? 

5 j^tfipM^ 

6 i^^t^. . 

7 -^rftsr. 
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